Objective: To study the effect of nasal packing on blood oxygen saturation.
INTRODUCTION
Nasal packing is primarily used to control bleeding in epistaxis as well as after nasal surgery, such as septoplasty, turbinatoplasty and paranasal sinus surgery. It is also used for internal stabilization after operations involving the cartilaginous and bony skeleton of the nose like rhinoplasty and nasal fractures. Apart from hemostasis, packing prevents intranasal synechiae particularly after a surgery. 1 There is no general consensus regarding the use of material for nasal packing and how long it should be kept in place. Many surgeons do not use packing due to the low incidence of heavy bleeding following septoplasty. Of those who use packing, some remove it 1 to 2 days after surgery and others may keep it longer. Commonly used nasal packing materials are Telfa, paraffin, vaseline, bismuth iodoform paraffin paste (BIPP) and antibiotic impregnated gauze; glove fingers, oxycel, surgicel, gelfoam, merocel and pneumatic balloons. A non-adherent pack is preferable, however, septum splints or special suturing techniques have also been used. 1, 2 Rhinologists are well aware of local effects of nasal packing, whereas, the systemic effects are not that well understood. Systemic complications induced by nasal packing include poor sleep quality, respiratory difficulty, decreased oxygen saturation, circulatory system problems and toxic shock syndrome. 3 Nasal packing compromises respiration leading to hypoxemia. Aspiration of blood, sedation and exaggeration of pulmonary dysfunction especially in the aged patients are the primary causes of such hypoxemia. When these factors are complicated by acute anemia of blood loss, they can lead to serious tissue hypoxia, which may sometimes prove fatal. Another factor that could lead to hypoxia is a bulky postnasal pack that overfills the nasopharynx and depresses the soft palate, thereby further compromising the airway. 4 Unnatural mouth breathing instead of usual nasal breathing, after nasal packing, results in acid alkaline imbalance due to disturbance of pulmonary ventilation. 5 Rapid shallow mouth breathing following nasal packing may lead onto hypoxia which in turn, further causes shallow breathing, producing a vicious cycle which unless interrupted may inevitably prove fatal. 6 In mouth breathing, the thoracic movement becomes diminished, which causes changes in pulmonary circulation, decrease in vital capacity and lower blood pO 2 . 5 The nasal packing either causes or worsens sleepdisordered breathing and significantly increases the number, duration and frequency of obstructive events. 6, 7 Some patients also experience episodes of severe nocturnal oxygen desaturation after nasal packing. 8 Clinical studies pertaining to the changes in blood gases following nasal packing may lead on to hypoxia, but the reports are varying regarding levels of partial pressure of CO 2 . The decreased saturation of oxygen in blood is explained by one or more of the following pathophysiological processes: alveolar hypoventilation, airway obstruction, decrease of pulmonary gas diffusion and changes in the ratio of ventilation and perfusion. 9 The hypoxia remains undetected in preliminary examinations of patients. The arterial oxygen saturation monitoring has been established to be a useful method in diagnosing a variety of respiratory disorders and today it is a common and essential monitoring tool used to evaluate patients either undergoing surgery or other procedures. 10 The measurement of arterial blood gases giving information on the arterial oxygen partial pressure (PaO 2 ), pH and carbon dioxide partial pressure (PaCO 2 ) remains the gold standard, but the method is invasive, expensive, time consuming and also not immune to complications, such as bleeding, thrombosis and infection. Hence, pulse oximetry has established itself as an acceptable, easy and reproducible way for screening and diagnosing hypoxic patient.
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Pulse oximetry is probably one of the most important advances in respiratory monitoring. A reasonable degree of accuracy coupled with the ease of operation of the pulse oximeters has led to their widespread use for monitoring patients. 12 In view of the few studies and none from India in the literature that the hypoxia is associated with nasal packing, we carried out this study.
MATERIALS AND METHODS
The proposed study was conducted in the Department of Otorhinolaryngology, Pt BD Sharma Postgraduate Institute of Medical Sciences, Rohtak in 30 patients of either sex in age group of 15 to 50 years undergoing septoplasty under local anesthesia. Inclusion criteria: Patients were symptom free of upper respiratory diseases except deviated nasal septum.
Exclusion criteria: Cases of epistaxis, nasal polypi, cardiopulmonary disease and those needing blood transfusions were excluded from the study.
Measurement of blood oxygen saturation (SpO 2 ):
The pulse oximetry was carried out three times on each patient to record the blood oxygen saturation (SpO 2 ) by using digital pulse oximeter JPD-500A. After connecting the optical diodes on patients' finger for 10 seconds, blood saturation (SpO 2 ) value of each patient was recorded as the percentage of hemoglobin oxygen saturation. Three consecutive readings were taken and average of the three readings was accepted as the SpO 2 . The 95% saturation level was set as a limit, and lower values were interpreted as hypoxemic. The first reading of SpO 2 was taken preoperatively in the ward before surgery. Second reading of SpO 2 was taken 24 hours after nasal packing. The third reading of SpO 2 was taken 3 weeks after surgery.
Statistical analysis:
The observed data were recorded in the proforma. The results were statistically analyzed by using Chi-square test and paired t-test was used for comparing the preoperative, 24 hours and 21 days after surgery. A p < 0.05 was taken as statistically significant.
RESULTS
The 33.3% patients were below 20 years of age. Patients between 20 and 30 years of age were 60%. Patients over 30 years of age were 6.7%. Males were 80%. It was observed that the mean preoperative SpO 2 was 98.3 ± 0.794%, at 24 hours postoperative SpO 2 was 97.17 ± 1.744% and 3 weeks after surgery SpO 2 was 98.87 ± 0.629% (Table 1) . On statistical analysis, the differences observed in the means of oxygen saturation at the above three stages was found to be highly significant (p < 0.001) (Tables 2 to 4). 
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DISCUSSION
The present study was carried out on 30 patients of either sex in age group of 15 to 50 years, subjected to nasal packing following septoplasty under local anesthesia. Preoperative oxygen saturation in all the patients in the present study was in the range 97 to 100%. All the observations were above 95 percentile, hence no hypoxia was observed.
After 24 hours of nasal packing (second reading), the oxygen saturation was observed in the range of 92 to 100%. The hypoxia (SpO 2 < 95%) was observed in two cases, i.e. 92 and 94% respectively. In three other cases, oxygen saturation was decreased to the borderline, i.e. 95%. Three weeks after surgery, the oxygen saturation in all the patients was in the range 98 to 100%. All the observations were well above the 95 percentile, hence no hypoxia was observed. The hypoxia observed in two cases and decreased SpO 2 to 95% in three cases of nasal packing reverted back to even better than the preoperative stage. Further, it was observed that the means of SpO 2 at preoperative stage was 98.3 + 0.794 %, at 24 hours postoperative SpO 2 was 97.17 + 1.744 % and 3 weeks after surgery SpO 2 was 98.87 + 0.629 %. While, on statistically analyzing, the differences observed in the means of oxygen saturation at the above three stages, found to be highly significant (p < 0.001).
Hypoxia was observed by many researchers in the past in upper airway obstruction (oropharynx, nasopharynx and nasal cavity). In experimental studies also, hypoxia was observed by producing nasal obstruction in dogs 13 and in female albino rabbits. 14 Studies in human beings were carried out by measuring arterial blood gases and the hypoxemia was noted in patients of septoplasty followed by nasal packing. 15, 16 Similar results were also obtained in blood oxygen saturation (SpO 2 ) using pulse oximetry in patients with adenotonsillectomy and septoplasty followed by nasal packing. 17 However, contrary results are also reported in literature. Experimental complete artificial obstruction of the nose for a period of one hour produced a fall in pO 2 which was not statistically significant. It was explained by the short period of nasal obstruction to induce weakening of the acidobasal balance in a healthy organism. 18 Even increased airway obstruction during sleep showed no significant change in oxyhemoglobin saturation. 19 Nasal obstruction per se could cause hypoventilation as reported by many authors. 5, 6, 20 However, there is evidence in favor of other mechanisms involved in the pathogenesis of hypoxia. Nasopulmonary reflex has been incriminated in causing the hypoxemia. 20 Similarly, hypoxemia was observed along with increased pulmonary and airway resistance in patients of epistaxis. 9 Nasal packing in severe epistaxis is associated with morbidity and rarely mortality also. Sudden unexplained deaths, cerebral ischemia or vascular complication following treatment of epistaxis have been thought to be related to hypotension from acute blood loss, however, hypoxemia might be an important contributory factor in these unexplained sudden deaths. 9 The effect of nasal packing on blood gas analysis was studied on 20 patients and hypoxemia accompanying hypercarbia was found in these patients. 21 Six of these 20 patients had chronic obstructive pulmonary disease in which the hypoxemia and hypercarbia was more pronounced, thus indicating that hypoxemia accompanying hypercarbia will lead to physiologic responses affecting pulmonary ventilation, a rise in blood pressure and bradycardia. This cardiovascular and pulmonary stress may result in myocardial infarction or cerebrovascular accident. Therefore, the hypoxemia caused due to upper airway obstruction may be severe enough in patients of cardiovascular and/or pulmonary diseases, may lead to serious complications. In the present study, we have excluded cardiopulmonary diseases and no patient in the extremes of ages was included, hence we did not observe any such complications or severe hypoxia after nasal packing. We did not observe hypoxia before and 3 weeks after surgery, that means at either stage, total nasal obstruction was not present. With nasal packing, we noted hypoxia in two cases and in three cases a decrease in SpO 2 to 95%, which reverted to normal, that implies > 95% SpO 2 was present after corrective surgery. Similar results observed by a number of researchers in the past indicate that there is a definite decrease in all cases in blood oxygen saturation (SpO 2 ) after nasal packing. 9, 13, 15, 18, 21 Evaluating arterial blood gases by taking arterial blood samples is invasive, expensive, time consuming and also not immune to its complications, such as bleeding, thrombosis and infection. Hence, application of pulse oximetry devices could be easily acceptable at all ages and easy way for screening and diagnosing hypoxic patients. Pulse oximetry is probably one of the most important advances in respiratory monitoring. A reasonable degree of accuracy coupled with the ease of operation of the pulse oximeters has led to its widespread use for monitoring patients. 12 An SpO 2 of > 95%, when breathing room air, is regarded as normal.
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CONCLUSION
The application of nasal packs can be risky in old age, more so in patients having cardiopulmonary diseases or history of vagal syncope. The use of packs with airflow is recommended in patients prone to hypoxia. Application of pulse oximetry is a simple, non-expensive, easy to use device which should be used in vulnerable cases after nasal surgery.
